The hypothesis that working memory is crucial for reducing distraction by maintaining the prioritization of relevant information was tested in neuroimaging and psychological experiments with humans. Participants performed a selective attention task that required them to ignore distractor faces while holding in working memory a sequence of digits that were in the same order (low memory load) or a different order (high memory load) on every trial. Higher memory load, associated with increased prefrontal activity, resulted in greater interference effects on behavioral performance from the distractor faces, plus increased face-related activity in the visual cortex. These findings confirm a major role for working memory in the control of visual selective attention.
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Despite a vast body of research on visual attention and on working memory, the interaction between the two has seldom been addressed. There have been a few recent suggestions that working memory may play a role in the control of selective attention (1, 2) , but evidence for a specific role has been scarce. Here we show a direct causal role for working memory in the control of selective attention.
The most enduring issue in the study of attention is the extent to which distractor processing can be prevented (3) . Lavie recently proposed that the level of perceptual load in a display is a crucial factor (4) . Several studies have shown that distractors that could not be ignored in situations of low perceptual load (for example, when just a few task-relevant stimuli were presented) were successfully ignored in situations of high perceptual load (for example, when many relevant stimuli were present). Thus, less distrac-tor processing was found in the harder task.
Here we propose that the effect of task difficulty on distractor processing depends critically on the mental process that is loaded. We suggest that directing attention appropriately requires the active maintenance of stimulus priorities in working memory, specifying which stimuli are currently relevant. A high load on working memory should therefore lead to reduced differentiation between high-and low-priority stimuli (that is, between targets versus distractors in a selective attention task). This leads to the counterintuitive prediction of an opposite effect to that found for perceptual load: Higher working memory load should increase distractor processing. Fig. 1 . Example of a high working memory load trial with two attention displays. After a 500-ms fixation display, the memory set for that trial was presented for 1500 ms. Under low working memory load, the digits were always in the following order: 0, 1, 2, 3, 4. After the memory set, a fixation display was presented for 850 ms, followed by two, three, or four attention displays. The number of attention displays was varied in order to make the onset of the memory probe unpredictable, thus ensuring that the current memory set was actively rehearsed throughout the trial. Each attention display was presented for 500 ms and was followed by a 1250-ms blank response interval. After the final attention display, a memory probe was presented for 3000 ms. Participants were requested to report the digit that followed this probe in the memory set (to press "4" in this example). In order to ensure that all four responses (including "1" in low working memory load trials) were used, we presented a "0" before the four-digit memory set.
Thus, the correct response to memory probe "0" would have been "3" in this example.
To test this hypothesis, we combined two unrelated tasks-one requiring visual selective attention and the other working memory -with the prediction that increasing load in the working memory task should increase the processing of visual distractors in the selective attention task. Even though the working memory and visual attention tasks were unrelated (Fig. 1) , high load in the working memory task should reduce the availability of working memory for maintaining stimulus priorities in the selective attention task and thus lead to greater intrusion of irrelevant distractors.
We first tested this prediction in a behavioral experiment with 10 participants (Fig. 1 ). In the selective attention task, observers were asked to classify famous written names as pop stars or politicians while ignoring distractor faces (5). The distractor faces were equally likely to be congruent with the target name, incongruent with the target name, or anonymous. Distractor face processing was assessed by comparing classification reaction times (RTs) between the congruent and incongruent conditions. This task was interleaved with a working memory task for digit order. Load was manipulated in the memory task by requiring participants to remember either a fixed order of digits or a different order of digits on each trial (6). Manipulation of working memory load was effective. RTs to the memory probe increased from 953 to 1394 ms between low and high memory load. More important, in the selective attention task, there was a significant interaction between distractor condition and working memory load [F(1,9) 5 13.36, P , 0.01]; distractor interference effects were significantly greater during high (78 ms) than low (46 ms) working memory load, indicating more distractor processing in the selective attention task with high load in the working memory task (7). These findings provide preliminary support for our hypothesis that the availability of working memory for actively maintaining stimulus-processing priorities is crucial for directing attention to relevant rather than irrelevant stimuli, and thus minimizing the intrusion of irrelevant distractors. Hence, more distractor processing is found under high working memory load [this is the opposite pattern to that found for perceptual load (4, 8-10)]. We next investigated neural responses to the distractors. If the rejection of irrelevant visual distractors in a selective attention task depends on the availability of working memory to sustain stimulus priorities for attention, then greater activity related to the distractor faces should be found in the visual cortex under conditions of higher working memory load.
Functional magnetic resonance imaging (fMRI) was used to measure brain activity while participants performed the interleaved attention and memory tasks. To measure distractorrelated activity in the selective attention task, we included conditions in which the distractor face was absent and compared neural activity in these conditions to conditions in which the distractor face was present (11). Behavioral data from the memory task confirmed that our manipulation of working memory load was effective (RTs to the memory probe were 1400 ms with high memory load compared to 921 ms with low working memory load). RTs in the selective attention task revealed that interference from incongruent (versus congruent) distractor faces was again greater with high working memory load (73 ms) than with low working memory load (32 ms) (12).
Group analysis of the fMRI scans from six participants (13) revealed several areas in the frontal cortex where activity was greater during conditions of high than of low working memory load ( Fig.  2 and Table 1 ). These areas included the inferior frontal gyrus (BA 44), the middle frontal gyrus (BA 6), and the precentral gyrus (BA 4), which have all been previously associated with working memory load (14) (15) (16) (17) . These findings confirm the validity of our task for manipulating load in working memory. Neural activity related to the presence (versus absence) of distractor faces in the selective attention task was modulated by working memory load. Activity related to the presence of distractor faces in the fusiform gyrus and extrastriate visual cortex was significantly greater under conditions of high than of low working memory load (Fig. 3A) . Statistically, this finding is reflected in the interaction term of our factorial design (memory load crossed with the presence of a distractor face). Three sites showed such a significant interaction: the bilateral fusiform gyri, right inferior occipital lobe, and left lingual gyrus (see Table 2 for coordinates and t values). These areas have been associated with face processing in earlier studies (18) (19) (20) (21) , and they all showed greater distractorrelated activity under conditions of high working memory load than under low load (Fig. 3B ). These findings imply that the processing of distractor faces, presented in the selective attention task, was more extensive under high working memory load than low working memory load in a concurrent memory task.
Taken together, our behavioral and functional imaging results demonstrate an interaction between working memory and selective attention. High working memory load resulted in increased interference effects on performance from distractor faces and also in a significant increase of activity elicited by distractor faces in visual areas known to be selective for face processing. Even though working memory and selective attention were manipulated in two separate and unrelated tasks, they interacted in the very specific sense predicted by our hypothesis. These results provide evidence for the theoretical suggestion that working memory serves to control visual selective attention in the normal human brain. Fig. 2 , on which are superimposed loci where activity was significantly greater in the presence than in the absence of distractor faces under conditions of low working memory load (top) and high working memory load (bottom). A threshold of Z 5 3.10 (corresponding to P , 0.001, uncorrected) is used for display purposes. (B) Mean distractor-related activity ( percent signal change for face presence minus face absence) for the maxima of the interaction in the right fusiform gyrus (36, -64, -16), plotted separately for low and high working memory load. Data are averaged across participants. Error bars represent interparticipant standard error. Table 2 . Brain regions showing significant activation related to the interaction of working memory load and the presence of distractor faces. In these areas, activity related to distractor face presence (versus absence) was greater under conditions of high working memory load than under low working memory load. Shown are voxels in which activity was greater than P , 0.001, uncorrected [because of our prior anatomical hypothesis about these face-related areas (18) (19) (20) ]. Outside facerelated areas, no significant activity was seen above a threshold of P , 0.05, corrected for multiple comparisons.
Talairach Our imaging finding that effects of working memory load in the prefrontal cortex interact with distractor-related activity in posterior cortices supports the notion that the frontal lobes play an important role in the control of attention (22, 23) . We have shown that frontal control of attention by working memory is a critical factor in distractor processing, a notion that has been alluded to speculatively in some theories of attention (1, 2) and is consistent with neuropsychological reports of deficits in selective attention after frontal lobe damage (22) , as well as with recent electrophysiological findings indicating the maintenance of task-relevant information in monkey prefrontal neurons (24) . The present results, when taken together with the recent reports on the role of perceptual load in selective attention (4, (8) (9) (10) , help in solving the long-standing controversy regarding the extent of processing of irrelevant distractors. Although distractors are usually perceived to some extent in situations of low perceptual load (as when just a single target name and a single distractor were presented), the extent to which the distractors intrude is crucially determined by the availability of working memory.
6. Each digit in the memory task subtended 0.4° of visual angle horizontally and 0.6° vertically. The entire memory set subtended 3.4° horizontally. The names for the attention task subtended between 3.9° and 5.3° horizontally and 0.6° vertically. Distractor faces subtended approximately 5.0° horizontally and 6.0° vertically (see Fig. 1 for timing details). In the behavioral study, viewing distance was approximately 60 cm, and responses to both tasks were collected from the numeric keypad on the computer keyboard.
7. Error rates showed a pattern similar to that of the RT data. Error rates in the memory task increased from 4% under low working memory load to 8% under high working memory load. In the selective attention task, distractor congruency effects increased from 3% under low working memory load to 4% under high working memory load. Overall RTs and error rates in the selective attention task were not affected by working memory load. Average overall RT ( pooled across distractor conditions) was 739 ms, error rate 5%, under low working memory load, and 752 ms, error rate 5.5%, under high working memory load. 11. Informed consent was obtained from six participants (two males and four females). The mean age was 24.8 years (age range, 22 to 29 years). All participants were right-handed and were native English speakers. A 2T Siemens VISION system was used to acquire blood oxygenation level-dependent contrast image volumes. Each image volume comprised 32 contiguous 3-mm axial slices, with an in-plane resolution of 3 mm by 3 mm positioned to include both the frontal and posterior temporal cortex. Volumes were acquired continuously every 2800 ms (or 3170 ms for participant 1). A total of 720 functional volumes were acquired in six separate runs for each participant. Each run consisted of four epochs: one epoch for each experimental condition from the 2 (working memory load: high versus low) 3 2 (distractor condition: face present versus face absent) factorial design, and the order of presentation was counterbalanced. The experimental epochs had a fixed duration consisting of 20 imaging volumes each and were followed by a 10-volume fixation epoch. Each epoch had five memory trials, and the total number of attention displays per epoch was always 15 (either one trial with two attention displays, three trials with three displays, and one trial with four displays; or two trials with two attention displays, one trial with three displays, and two trials with four displays).
12. Again, error rates showed a pattern that was similar to that of the RT data. Error rates in the memory task increased from 3% under low working memory load to 9% under high working memory load. In the selective attention task, distractor congruency effects increased from 1% under low working memory load to 5% under high working memory load. Overall RTs and error rates in the selective attention task were not affected by working memory load. Average overall RT ( pooled across distractor conditions) was 741 ms, error rate 4.8%, under low working memory load, and 746 ms, error rate 4.4%, under high working memory load.
